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MSE in a nutshell
Ø It will replace the 3.6-m 
Canada-France-Hawaii Telescope
Ø 11.2 m telescope with 1.5 deg2 FoV
Ø Fully dedicated to spectroscopy
Ø Positioner with 4332 fibers
Ø Low and moderate resolution:

R: 2500 → 6000
ØWavelength range:

Visible + NIR (J and H bands)

Program for cosmology
ØA large-volume survey of high-redshift galaxies and quasars
ØPresentation based on the white paper:
W. Percival, Ch. Yèche et al., arXiv:1903.03158

Wide-field, multi-object spectrographs
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CONTEXT
What cosmology at 
the time of MSE?



Expected sensitivity on BAO in 2025

DESI 2020-2025
Ø Shot noise limited for z>1.5, mainly based on HI absorption in Lya forests for z>2.1
Ø Region partially covered by DESI and Euclid which is in a matter-dominated regime

DESI forecast
2025

MSE



Inflation and non-gaussianity

Primordial non-gaussianities, a test of inflation 
Ø Primordial fluctuations distributed almost Gaussian with the 

simplest slow-roll models fNL ~ O(10-3)
Ø But many alternative inflation models predict fNL > 1
Ø CMB is cosmic variance limited : s(fNL)~5 
Ø Galaxy surveys with a large volume can achieve s(fNL)~1

Description of the primordial potential F

𝜑 ∶ a gaussian random field
fNL : amplitude of the non-Gaussianity

Φ = 𝜑 + 𝑓!". (𝜑# −< 𝜑# >)



Neutrino Masses and Hierarchy

An answer to mass hierarchy with cosmological neutrinos
Ø Particles Physics: atmospheric and solar oscillations
Ø No constraint on absolute masses
Ø 2 possible schemes: normal vs inverted hierarchy
Ø With s(Smn)~8 meV, we may measure the mass better 

than 7s and have a decision on Mass Hierarchy at 5s

Minimum: Sm > 0.10 eVMinimum: Sm > 0.06 eV



3D-Tomography of IGM 

3D map with HI absorption in Ly-a Forest
ØUse both QSOs and Lyman Break Galaxies (LBG) as background sources
ØScience of cosmic voids and proto-cluters
Ø Currently, two very complementary projects: 
1. CLAMATO: Keck, density: ~1000 deg-2, Area: 1deg2,  QSOs and LBGs, r<25, 2 hours
2. eBOSS: Sloan, density: ~35 deg-2, Area: 200 deg2, QSOs and LBGs, r<25, 2 hours

3D map obtained 
with 500 deg-2

backg. sources



A large-volume survey 
of high-redshift galaxies and quasars



Wide survey with SF galaxies and quasars

ØWide survey: 10,000 deg2

Ø Three tracers covering   1.6<z<4.0 
Ø 8000 pointings with 30 minute exposure
Ø 100 nights per year for a 5-year MSE program
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Emission Line Galaxies     1.6<z<2.4 

Complementary program to DESI, Euclid and PFS
Ø Star-forming galaxies with strong emission lines
Ø Redshift measured with O-II line in NIR arm
Ø 600 deg-2 targets with 90% redshift efficiencies  
Ø Higher redshift compared to DESI/Euclid (z<1.6/1.8)
Ø Wider footprint compared to PFS (Surface~1500 deg2)

Raichoor et al. 2017



Lyman Break Galaxies     2.4<z<4.0 
Lya Emitters 

A&A proofs: manuscript no. ms
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Fig. 6. (Left) Rest-frame EW distribution for SFGs with Lyα in emission (positive EWs) and Lyα in absorption (negative EWs). The vertical
dashed line indicates EW= 20Å, the adopted lower limit in Lyα EW for LAEs (or strong Lyα emitters). The solid curve is the KDE of the
distribution. (Middle) Distribution of Lyα luminosities for the SFGL (black) and the LAE (red) samples. The KDE of the distribution is shown by
a solid curve. (Right) Fraction of LAEs as a function of redshift for our sample. Approximately 10% of SFGs at these redshifts are strong Lyα
emitters, consistent with previous Lyα studies (e.g., Reddy et al. 2008; Cassata et al. 2015) at similar redshifts.
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Fig. 7. Stacked (median-combined) rest-frame UV spectra for SFGN, SFGL, and LAEs. The strong absorption and emission features are marked by
the vertical dotted lines. The SFGN spectrum shows strong absorption lines (Si, C, O, Fe, Al), but these absorption lines get weaker with increasing
strength of Lyα-emission. The bottom panel shows similarity in the spectroscopic UV slope for these samples.

Es(B–V) comparison. The median SFR for the SFGL or LAE
sample from the SED-fitting technique is 101.26 ∼ 18 M⊙ yr−1 or
101.19 ∼ 15 M⊙ yr−1, while the median SFR for the SFGN sam-
ple is 101.37 ∼ 23 M⊙ yr−1. Therefore, the median SFR values for
SFGL or LAEs and SFGN differ only by a factor of ∼1.3 or 1.5,
which is much smaller in comparison to the 1σ scatter of these
distributions (∼0.4 dex or a factor of ∼2). To assess the effect of
SED-fitting parameters on the SFRs (e.g., Kusakabe et al. 2015),
we also compute SFR using the UV luminosity (M1500) corrected
for the dust using the β–A1600 relation fromMeurer et al. (1999).
The median values for the UV-based SFRs (SFRUV) are shown
in Table 1 and they are very similar to the SED-based SFRs.

The median SFRUV for the SFGL or LAE sample is 101.19 ∼ 15
M⊙ yr−1 or 100.99 ∼ 10 M⊙ yr−1, and for the SFGN sample is
101.23 ∼ 17 M⊙ yr−1. Therefore, the difference between SFRUV
values of these two populations is very small and agrees very
well with the difference quoted for the SED-based SFRs. This is
consistent with the fact that the UV absolute magnitudes (M1500)
of galaxies with and without Lyα in emission are very similar
as shown in the Table 1. This result is consistent with similar
studies at z∼ 3–4 (e.g., Pentericci et al. 2007, 2010).

Figure 8 does not show any significant difference between
the median values of stellar mass (∼0.1 dex or a factor of ∼1.2).
This result is in contrast to higher redshift studies at z∼ 3–4 (e.g.,

Article number, page 12 of 19

Lya Emitters 

Terra incognita in cosmology
Ø Star-forming galaxies with variable Lya emission line
Ø Selection by well-controlled drop-out techniques 
Ø Redshift efficiency varies as a function of Lya strength
Ø 1400 deg-2 targets with ~50% redshift efficiencies
ØVery conservative estimate of redshift efficiency

Hathi et al. 2015



Lya forest of quasars     2.1<z<4.0 

Bloomqvitz et al. 2019

A dream for cross-correlations with Lya forests
Ø HI absorption in IGM along the line of sight of QSOs
Ø We expect low density gas (IGM) to follow the matter density
Ø Cross-correlation with QSOs, ELGs and LBGs 
Ø Method demonstrated by BOSS/eBOSS
Ø 170 deg-2 expected quasars with r<24 and redshift>2.1

M. Blomqvist et al.: BAO from the Ly↵–quasar cross-correlation of eBOSS DR14

Fig. 6. Cross-correlation function averaged in four ranges of µ = rk/r. The red curves show the best-fit model of the standard fit obtained for the
fitting range 10 < r < 180 h

�1 Mpc. The curves have been extrapolated outside this range.

Fig. 7. Cross-correlation function as a function of rk for two lowest values r? = [2, 6] h
�1 Mpc. The red curves indicate the best-fit model of the

standard fit obtained for the fitting range 10 < r < 180 h
�1 Mpc. The curves have been extrapolated outside this range. The imprints of quasar–

metal correlations are visible as peaks indicated by the dashed black lines at rk ⇡ �21 h
�1 Mpc (SiIII(120.7)), rk ⇡ �53 h

�1 Mpc (SiII(119.0)),
rk ⇡ �59 h

�1 Mpc (SiII(119.3)), and rk ⇡ +103 h
�1 Mpc (SiII(126.0)).

of b⌘↵ also di↵er by ⇠20%: �0.267 ± 0.014 for the cross cor-
relation and �0.211 ± 0.004 for the auto-correlation. Further-
more, the bias parameters are not in good agreement with recent
simulations (Arinyo-i-Prats et al. 2015) which predict �↵ ⇡ 1.4
and |b⌘↵| in the range 0.14 to 0.20. Since our quoted uncer-
tainties on the bias parameters (not on BAO parameters) come

from approximating the likelihood as Gaussian, they might
be underestimated in the presence of non-trivial correlations
between the parameters. A dedicated study would be necessary
to further investigate the consistency between the measured and
predicted values. Fortunately, the bias parameters describe
mostly the smooth component of the correlation function and do

A86, page 11 of 18

V. de Sainte Agathe et al.: BAO from correlations of Ly↵ absorption in eBOSS DR14

Table 5. Parameters of the model of the correlation function and the best-fit values of the Ly↵(Ly↵)⇥Ly↵(Ly↵) data (third column) and those of
the Ly↵(Ly↵)⇥Ly↵(Ly↵) and Ly↵(Ly↵)⇥Ly↵(Ly�) data (fourth column).

Parameter description Ly↵(Ly↵)⇥Ly↵(Ly↵) Ly↵(Ly↵)⇥Ly↵(Ly↵)
+Ly↵(Ly↵)⇥Ly↵(Ly�)

npairs 5.44 ⇥ 1011 6.94 ⇥ 1011
P
wpairs 3.56 ⇥ 1013 4.20 ⇥ 1013

Radial BAO peak-position ↵k 1.047 ± 0.035 1.033 ± 0.031
Transverse BAO peak-position ↵? 0.969 ± 0.041 0.953 ± 0.042
Ly↵ redshift-space distortion �Ly↵ 1.773 ± 0.066 1.933 ± 0.100
Ly↵ velocity bias b⌘Ly↵ = bLy↵ f /�Ly↵ b⌘Ly↵ �0.208 ± 0.004 �0.211 ± 0.004
HCD redshift-space distortion �HCD 0.845 ± 0.157 1.031 ± 0.153
HCD bias Ly↵(Ly↵)⇥Ly↵(Ly↵) b

Ly↵(Ly↵)⇥Ly↵(Ly↵)
HCD �0.047 ± 0.003 �0.051 ± 0.004

HCD bias Ly↵(Ly↵)⇥Ly↵(Ly�) b
Ly↵(Ly↵)⇥Ly↵(Ly�)
HCD – �0.072 ± 0.005

Metal absorption bias bSiII(1190) �0.0051 ± 0.0010 �0.0050 ± 0.0010
bSiII(1193) �0.0046 ± 0.0010 �0.0046 ± 0.0010
bSiIII(1207) �0.0082 ± 0.0010 �0.0080 ± 0.0010
bSiII(1260) �0.0025 ± 0.0013 �0.0022 ± 0.0013
bCIV(e↵) �0.0185 ± 0.0078 �0.0163 ± 0.0089

�2
min 1619.77 3258.92

d.o.f. 1590�11 3180�12
Probability 0.232 0.127

�2(↵k = ↵? = 1) 1621.55 3260.54

Notes. Errors on parameters correspond to ��2 = 1.

Fig. 8. Weighted combination between measured Ly↵(Ly↵)⇥Ly↵(Ly↵) and Ly↵(Ly↵)⇥Ly↵(Ly�) correlation functions along with the model best
fits in four ranges of µ = rk/r. The curves show the standard fit and the two fits with broadband terms defined by Eq. (32) with (imin, imax, jmax) =
(0, 2, 6) with and without additional priors, as described in the text.

A85, page 9 of 20

Auto correlation Cross-correlation  Lya x QSO

Sainte Agathe et al. 2019



Summary of the tracers

Strategy
Ø Highest fiber assignment priority given to QSOs
Ø Then to ELGs, with 600 deg-2 target density (nP(0.1)~1)
ØA filler sample with LBGs (700 deg-2 with a good redshift, nP(0.1)~0.6)

Tracer
Redshift 
Range

Target
Density (deg-2)

True Target
Density (deg-2)

Tracers with 
redshift

ELG 1.6 – 2.4 600 540 5.4M

LBG 2.4 – 4.0 1400 700 7.0M

QSO (Ly-a) 2.1 – 4.0 200 170 1.7M

bar thickness ∝ galaxy numbers 



Deep Field for 3D Tomography

Strategy
Ø Same density as CLAMATO with eBOSS area
Ø Area: 50-100 deg2

Ø Targets: 200 deg-2 Ly-a QSO targets and 2000 
deg-2 LBG targets

ØExposure time:  0.5 hour → 2 hours
ØTotal time 10-20% of the full cosmology 

survey

bar thickness ∝ galaxy numbers 



Forecasts



Forecast for BAO 

Ø After DESI in 2025… 

DESI forecast
Expansion rate of the Universe



Forecast for BAO 

MSE forecast

Ø 12 independent sub-percent measurements of BAO scale
Ø Benchmark to test exotic early Dark Energy models

Expansion rate of the Universe



Forecast for RSD 

Ø After DESI in 2025… 

DESI forecast



Forecast for RSD 

DESI forecast

Ø RSD measurements from 1.9% to 3.6%
Ø Growth rate f~1 at z=4 → Pure measurement of s8 → similar to CMB  



Forecast for fNL

A picture of primordial Universe
Ø fNL : 3 tracers better or significantly better than CMB alone
Ø Total accuracy s(fNL)~1.8 with Power Spectrum
Ø Increasing the redshift success rate to 70% and the 

redshift range to  2.4<z<5.0 → s(fNL)<1 !!!
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Forecast for  Smn

A picture of primordial Universe
ØWith CMB(S4), accuracy on neutrino masses s(Smn)~8 meV
Ø Neutrino mass hierarchy at 5s as precise as DUNE (n beams) 

Current DESI
+Planck MSE

+Planck MSE + DESI

+Planck MSE + DESI

+CMB(S4)
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PARTNERSHIP, COST, SCHEDULE



Preliminary Design Phase

• The PDP starts in 2019 with participants:
• Australian Astronomical Optics (AAO) Macquarie 
• National Research Council (NRC) of Canada
• National Astronomical Observatories (NAOC), Chinese

Academy of Sciences
• Centre National de la Recherche Scientifique (INSU) of France
• Institute for Astronomy, University of Hawaii
• India Institute of Astrophysics
• Texas A&M University
• National Optical Astronomy Observatory, UK Participant Group  

participate as observers



Science requirements

Accessible	sky
Aperture	(M1	in	m)
Field	of	view	(square	degrees)
Etendue		=	FoV	x	π	(M1	/	2)2

Modes Moderate IFU

0.36	-	0.95	μm J,	H	bands 0.36	-	0.45	μm 0.45	-	0.60		μm 0.60	-	0.95		μm

Spectral	resolutions 2500	(3000) 3000	(5000) 6000 40000 40000 20000
Multiplexing >3200

Spectral	windows ≈Half λc/30 λc/30 λc/15

Sensitivity	 m=23.5	*

Velocity	precision 9	km/s�

Spectrophotometic	accuracy <	3	%	relative
♯	Dichroic	positions	are	approximate

*	SNR/resolution	element	=	2 � 	SNR/resolution	element	=	5

♮ SNR/resolution	element	=	10 ★	SNR/resolution	element	=	30

Wavelength	range 0.36	-	0.95	μm
0.36	-	0.95	μm	�0.36	-	1.8	μm

Low High

IFU	capable;	
anticipated	
second	

generation	
capability

30000	square	degrees	(airmass<1.55)
11.25m
1.5

149

>1000

m=20.0	�m=24	*

20	km/s	�
<	3	%	relative

Full

>3200

<	100	m/s	★
N/A

Simplification and optimization of the low 
and moderate resolution spectrographs
for cosmology and galaxy science



Optimization of  spectrographs for cosmology

Current Design
Ø 6 spectrographs with low and moderate 

resolution 
Ø Design  similar to DESI spectrograph with a 

additional NIR arm
ØLMR spectrograph budget  ~$60M  (over a total 

budget  ~$400M )
Ø Winlight company which built DESI spectrographs 

involved in the design and the construction
New Design in discussion

Ø 3/4 spectrographs with 4 visible arms equipped 
with 6k (15mm)  detectors

Ø Full coverage from 360nm to 1000nm with 
moderate resolution R~5000

Ø 2 spectrographs  with 2 NIR arms (J and H bands)

8P. CAILLIER – June 15th 2017 - Lyon

Gain for cosmology
Ø Better resolution R: 3000 → 5000
Ø Better redshift success rate
Ø H band: ability to observe ELGs  in  

2.9<z<3.7 redshift range



2018       2019         2020         2021         2022          2023          2024         2025         2026          2027   2028        2029          2030       
Preliminary 

Design Detailed Design

Manufacturing & Testing Science Commission

Project Timeline Estimate

Preliminary Design is starting 
Science commission will begin in 2029

Industrial Systems AIV / Science Instrument AIV

Management Board approved Construction Phase start

Construction permit approved

Science Operations

Prospective INSU-AA
US Decadal Survey

Canada LRP …



Summary

A study of primordial Universe with galaxies and quasars
Ø Terra incognita for wide cosmological survey
Ø Precise measurement of non-gaussianity with s(fNL)~1.8 
Ø Neutrino mass hierarchy at 5s in case of normal hierarchy

A “generic” program for cosmology
Ø 3 tracers: ELGs, LBGs (LAE) and QSOs
Ø Redshift: 1.6<z<4.0
Ø Surface: Wide field 10,000 deg2 - Deep Field 100 deg2

Ø Volume: 280 Gpc3

Ø 100 nights per year for a 5-year MSE program 
Ø~Half of the dark time during the first 5 years of MSE



Additional Slides



Target selection of the LBGs

Lyman-break 
(912 A) 

u-dropout 

Selection based on dropout techniques
Ø By comparing two neighboring bands, we can detect the 

strong absorption below Lyman-break
Ø For z~3, u-dropout u-g>0 
ØFor z~4, g-dropout g-r>0



Test with KiDS photometric Catalog

u g r i seeing
KiDS 24.2 25.1 25.0 23.6 0.7"

LSST-1 yr 24.1 25.6 25.8 25.1 0.7"
LSST-10 yr 25.3 26.8 27.0 26.4 0.7"

Selection of LBGs and ELGs
Ø Based on KiDS photometry
Ø 100 deg2 in equatorial stripe in NGC
Ø ugri bands  
Ø mag. limit: 23.7/24.5 for ELG/LBG
Ø LBG density: 1400 deg-2

Ø ELG density: 700 deg-2

LBG

ELG

KiDS%20photometry


Project Cost Estimate

• Risk Adjusted Construction Cost of 
$424M

• Base year 2017

• The PDP cost is estimated to be 
$25M

• $13M of in-kind contributions 
have been identified.

• About $9M invested in CoDP

Project Office; 10,0%

Building and Facilities; 6,0%

Deconstruction costs not included
0,3%

Enclosure; 12,4%

Telescope Structure; 7,2%

Telescope top end; 2,6%

Telescope M1; 21,6%
Fibre Transmission; 2,0%

Positioner System; 1,5%

Science Calibration; 1,0%

Telescope Optical Feedback; 6,1%

LM Spectrographs; 13,9%

HR Spectrographs; 8,2%

Observing Software; 1,2%
Program Software; 5,9%



Technical Specifications (Telescope-Positioner)

Observatory latitude
Accessible Sky
Median image quality

Av. length of night adjusted for weather

Observing efficiency (on‐sky, on‐target)

Expected on‐target observing hours
Expected on‐target fiber‐hours

Structure, focus
M1 aperture / Science field of view
Spectrograph system

Multiplexing
Fiber size
Positioner patrol radius
Positioner accuracy
Positioner closest approach
Repositioning time
Typical allocation efficiency

Wavelength range
Spectral resolution (center of band)
Sensitivity requirement 
(pt. source, 1hr, zenith, median seeing, 
monochromatic magnitude)

Wavelength range
Spectral resolution (center of band)
Sensitivity requirement 
(pt. source, 1hr, zenith, median seeing, 
monochromatic magnitude)

Wavelength range
Wavelength band
Spectral resolution (center of band)
Sensitivity requirement 
(pt. source, 1hr, zenith, median seeing, 
monochromatic magnitude)

Sky subtraction accuracy
Velocity precision
Relative spectrophotometric accuracy

Science calibration
0.5% requirement (0.1% goal)

100 m/s (HR, SNR/resolution element = 30)
3% (LR, SNR/resolution element = 30)

40,000 40,000 20,000

m = 20.0
SNR/resolution element = 10, λ > 400 nm
SNR/resolution element = 5, λ ≦ 400 nm

m = 20.0
SNR/resolution element = 10

m = 20.0
SNR/resolution element = 10

360 ≦ λ ≦  440 nm 420 ≦ λ ≦  520 nm 500 ≦ λ ≦  900 nm
λ / 30 λ / 30 λ / 15

High resolution (HR) spectroscopy

391 ≦ λ ≦  510 nm 576 ≦ λ ≦  700 nm 737 ≦ λ ≦  900 nm 1457 ≦ λ ≦  1780 nm
4,400 6,200 6,100 6,000

m = 23.5 
SNR/res. elem. = 2, λ > 400 nm
SNR/res. elem. = 1, λ ≦ 400 nm

m = 23.5
 SNR/resolution element = 2

m = 23.5
 SNR/resolution element = 2

m = 24.0
 SNR/resolution element = 2 

Moderate resolution (MR) spectroscopy

Low resolution (LR) spectroscopy
360 ≦ λ ≦  560 nm 540 ≦ λ ≦  740 nm 715 ≦ λ ≦  985 nm 960 ≦ λ ≦  1320 nm

2,550 3,650 3,600 3,600

m = 24.0
SNR/res. elem. = 2, λ > 400 nm
SNR/res. elem. =  1, λ ≦ 400 nm

m = 24.0
SNR/resolution element = 2 

m = 24.0
SNR/resolution element = 2 

m = 24.0
SNR/resolution element = 2 

80.8 m2 /  1.5 square degrees
6 x LMR spectrographs (4 channels / spectrograph), all identical, each channel seperately switchable to provide LR and MR modes 

Fiber positioning system
 4,332 (total): 3,249 (LR & MR) / 1,083 (HR)

1 arcsec (LR & MR) / 0.75 arcsec (HR)
90.3 arcsecs

0.06 arcsec rms

Two fibers can approach with 7 arcsecs of each other (three fibers can be placed within 9.9 arcsec diameter circle)
< 120 seconds

> 80 % (assuming source density approximately matched to fiber density)

Altitude‐azimuth, Prime

Site characteristics
19.9 degrees

30,000 square degrees (airmass < 1.55 i.e., δ > ‐30 degrees)
0.37 arcsec (free atmosphere, zenith, 500 nm)

8 hours

80%

2336 hours / year
10,119,552 fiber‐hours / year (total): 7,589,664 (LR & MR) / 2,529,888 (HR)

Telescope architecture



Science Driven Design


